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taxol derivative. The low dose used in 
prevents artery blockage while 
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Description 
Field of the Invention 

[0001] 7ne present Invention relates to a method of treating patients at risk of developing atherosclerosis or reste- 
nosls. ' " 

[0002] More particularly, the invention relates to treatment of these patients with a low dose taxol solution to prevent 
or reduce the development of atherosclerosis or restenosis. 

Background of the Invention 

[ ?!°? , V f°. U ! a [ diS9aSe iS the leadi " 9 081,86 of death and disabi,it y in the developed world, particularly afflicting the 
e deriy. In the United States alone, despite recent encouraging declines, cardiovascular disease is still responsible for 
almost one million fatalities each year and more than one half of all deaths; almost 5 million persons afflicted with 
cardmvascular disease are hospitalized each year. Thecost of this disease in terms of human suffering and of material 
resources Is almost Incalculable. 

[0004] Atherosclerosis is the most common form of vascular disease and leads to Insufficient blood supply to critical 
body organs, resulting In heart attack, stroke, and kidney failure. Additionally, atherosclerosis causes major complica- 
tions in those suffenng from hypertension and diabetes, as well as tobacco smokers. Atherosclerosis is a form of 
chronic vascular injury in which some of the normal vascular smooth muscle cells f VSMC") in the artery wall which 
ordinarily control vascular tone regulating blood flow, change their nature and develop "cancer-like" behavlor.'These 
VSMC become abnormally proliferative, secreting substances (growth factors, tissue-degradation enzymes and other 
proteins) which enable them to invade and epread into the inner vessel lining, blocking blood flow and making that 
vessel abnormally susceptible to being completely blocked by local blood clotting, resulting In the death of the tissue 
& served by that artery. 

[0005] Restenosis, the recurrence of stenosis or artery stricture after corrective surgery, Is an accelerated form of 
atherosclerosis. Recent evidence has supported a unifying hypothesis of vascular injury in which coronary artery res- 
tenosis along with coronary vein graft and cardiac allograft atherosclerosis can be considered to represent a much 
accelerated form of the same pathogenic process that results In spontaneous atherosclerosis (Ip, J H et al (1 990) 
J Am Coll Cardiol, 15:1667-1687; Muller, D.W.M., et al., (1992) J Am Coll Cardiol . 19:418-432). Restenosis is due to 
a complex series of fibroprollf erative responses to vascular Injury Involving potent growth-regulatory molecules Includ- 
ing plataletderlved growth factor (PDGF) and basic fibroblast growth factor (bFGF), also common to the later stages 
in atherosclerotic lesions, resulting In vascular smooth muscle cell proliferation, migration and neointlmal accumulation 
[0006] Restenosis occurs after coronary artery bypass surgery (CAB), endarterectomy, and heart transplantation, 
and particularly after heart balloon angioplasty, atherectomy, laser ablation or endovascular stentlng (In each of which 
one-third of patients redevelop arteryblockage (restenosis) by 6 months), and Is responsible forrecurrence of symptoms 
(or death), often requiring repeat revascularization surgery. Despite over a decade of research and significant improve- 
ments in the primary success rate of the various medical and surgical treatments of atherosclerotic disease, including 
angioplasty, bypass grafting and endarterectomy, secondary failure due to late restenosis continues to occur in 30-50% 
40 of patients (Ross, R. (1 993) Nature, 362:801 -809). 

[0007] As a result, a need exists for a successful chemotherapeutlc therapy to reduce or prevent arteryblockage 
The most effective way to prevent this disease Is atthe cellular level, as opposed to repeated revascularization surgery 
which can carry a significant risk of complications or death, consumes time and money, and is inconvenient to the 
patient. 

[0008] Microtubules, cellular organelles present in all eukaiyotic cells, are required for heafthy, normal cellular ac- 
tivities. They are an essential component of the mitotic spindle needed for cell division, and are required for maintaining 
cell shape and other cellular activities such as motility, anchorage, transport between cellular organelles, extracellular 
secretary processes (Dustln. P. (1980) Scl.Am. , 243: 66-76), as well as modulating the interactions of growth factors 
with cell surface receptors, and intracellular signal transduction. Furthermore, microtubules play a critical regulatory 
role in cell replication as both the c-mos oncogene and CDC-2kinase, which regulate entry into mitosis, bind to and 
phosphorylate tubulin (Verde, F. et a). (1990) Nature , 343:233-238), and both the product of the tumor suppressor 
gene, pS3, and the T-antlgen of SV-40 bind tubulin In a ternary complex (Maxwell, S.A. et al. (1991) Cell Growth 
pjfferen 2:11 5-127). Microtubules are not static, but are in dynamic equilibrium with their soluble protein subunits the 
a- and 6 -tubulin heterodimers. Assembly under physiologic conditions requires guanosine triphosphate (GTP) and 
certain microtubule associated and organizing proteins as cofactors; on the other hand, high calcium and cold tem- 
perature cause depolymerization. 

[0009] Interference with this normal equilibrium between the microtubule and Its subunits would therefore be expect- 
ed to disrupt cell division and motility, as well as other activities dependent on microtubules. This strategy has been 
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atherosclerosis or restenosis is provided, which comprises treatment with ^therapeutically effective amount of a mi- 
crotubule stabilizing agent such as taxol or a water soluble taxoi derived. Athera^euucal* eff^ 
SET™ SUfflC ' ent t0 Pr6Vent ° r reduce ,he devel °P™nt of atherosclerosis oTrestenosis 9 
EL h^ST!l22 , Pr ° VldeS a " 6ff9C,iVe W ^ °" P revent)n 3 «" red " c '"9 the development of atheroscierosis or res- 
used, the chance of a patient developing adverse reactions is potentially reduced 



BRIEF DESCRIPTION OF FIGURES 



10 EI2L 1 dep '° ,8th V" 0llndUC ^^ 

membrane proteins, and taxol Inhibition of cuftured VSMC pH] -thymidine Incorporation. 

[0022] FIGURE 2 shows taxol inhibition of smooth muscle cell neointlmal Accumulation afterballoon catheter injury 
or trie rat carotid artery. 3 7 

f5 ESS F l GU ^ E lw^» 8 deuter1um oxlde d ose-dependent Inhibition of VSlllC chemolnvaslon, and deuterium oxide 
's inhibition of cultured VSMC bromodeoxyuridine (BrOU) incorporation. oeuienum oxioe 

o 0 n 1 ?it 1 stic FIGURE 4 Sh ° WS COnCentratlons of 18X01 caused d °se-dependent Microtubule bundling in VSMC's cultured 
[0025] FIGURE 5 shows deuterium oxide induced microtubule bundling In cultured VSCM's. 
20 DETAILED DESCRIPTION OF THE INVENTION 

[0026] The practice of an embodiment in the present invention may be accomplished via several alternative druq 
delivery routes, such as intraperitoneal or subcutaneous injection, continuous intravenous infusion, oral ingestion or 
local (direct) delivery, or a combination of two or more. When formulating a solution for injection or continuous infusion 
one must first prepare a taxol solution. Taxol is supplied through CTEP, DCJ, NCI (IND#22850) as a concentrated 
solution 6 mg/ml, In 5 ml vials (30 mg/vlal) In a polyoxyethylated castor oil (premophor EL® ) 50% and dehydrated 
alcohol, USP (50%) vehicle. The Intact vials should be stored under refrigeration and diluted prior to use When diluted 
In either 5% Dextrose Injection or 0.9% Sodium Chloride, taxol concentrations of 0.3-1.2 mg/ml are physically and 
chemically stable for at least 12 hours at room temperature. (NCI Investigation Drugs; Pharmaceutical Data (1 990)) 
It has also been demonstrated that taxol concentrations of 0.6 mg/ml diluted in either D5W or NS and 1 2 mg/ml diluted 
in NS prepared In polyolefln containers are stable for at least 25 hours at ambient temperatures (20-23»C) (Wauqh 
et al. (1990) Am. J. Hosp. Pharm. 48, 1520). Although these concentration^ have exhibited stability for the above 
penods of time, they are not meant to limit the practice of the present lnvention;whereln any concentration of taxol may 
be utilized. 7 

[0027] All solutions of taxol exhibit a slight haziness directly proportional to the concentrations of drug and time 
elapsed after preparation. Formulation of a small number of fibers In the solution (within acceptable limits established 
by the USP Particulate Matter Test for LVP's) has been observed after preparation of taxol Infusion solutions While 
particulate formation does not indicate loss of drug potency, solutions exhibiting excessive particulate matter formation 
should not be used. Therefore, when administering via continuous infusion, in-line fiftration may be necessary and can 
be accomplished by incorporating a hydrophllic, microporous filter with a pore size no greaterthan 0.22 microns (IVEX- 
,««~, L "^ F " ter S6t ' SL ' 15 "' AbDOtt model # 4525 or ec < ulvalen «) '«o the fluld| pathway distal to an infusion pump 
[0028] Taxol must be prepared in non-plastfclzed solution containers (e.g., glass, polyolefln, or polypropylene) due 
to leaching of diethylhexylphthlalale (DEHP) plasticizer from polyvinyl chloric* (PVC) bags and intravenous tubing 
Taxol must not be administered through PVC intravenous or injection sets. Therefore, polyolefln- or polyethylene-line 
sets, such as IV nitroglycerin sets (or equivalent) should be used to connect'the bottle or bag (containing the taxol 
solution for a continuous Infusion) to the IV pump, a 0.22 micron filter is then attached to the IV set. and then may be 
directly attached to the patient* s central access device If necessary, a polyolefinillne extension set (PolyflnTm Extension 
Set, MiniMed Technologies, Model #126) can be used to provide addiUonal distance between the IV pump and the 
patient's central access device. 

[0029] One category of taxol use would encompass the prevention of recurrent stenosis (restenosis) post therapeutic 
coronary- or peripheral-artery angioplasty or atherectomy, after coronary bypass graft or stent surgery, or after periph- 
eral vascular surgery (e.g., carotid or other peripheral vessel endarterectomy, vascular bypass, stent or prosthetic graft 
procedure). A human dosing schedule can consist of (but not be limited to) 24-hour continuous IV pretrealrnent with 
up to about 0.5-2 mg/kg (20-80 mg/m2) prior to the vascular procedure, about 0:25-2 mg/kg (1 0-80 mg/m2) continuous 
IV infusion over the 24 hours post-procedure, then about 0.25- 2 mg/kg (10-80 mg/m*) continuous IV infusion over 24 
hours every 21 days for 1 to 6 cycles. Such a dosage Is significantly lower than that used to treat human cancers 
(approximately 4-6 mg/kg). 

[0030] Anothercategory of taxol use would encompasstheprtmarypreventlonl orthe attenuation, of vascular disease 
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devaopment. Certain of these applications (examples of, which Include the prevention of cardiac 

t^l T C ° ntlnU0US , ° W - d0Se (1 " 5 m9/m8/da y) IV ,rtfusions ° v ^5-7 days. KchTf ?Z 

treatments will generally require pretreatment with dexamethasone 20 mg orally 14 and 7 hours orior to tool rLh^n 

Addrhonalapphcationsthatmaynotbeassociatedwlthasurgicalprocedureincludetreab^ 

dysplasia, potyartentis nodosa, and Takayasu's arteritis. Each of the aforementioned applications ^SSTSS 
nable to se ecbve, localized application of sustalned-release preparations of taxol (oTother m cZout^S 
agent) which would enable high dosage local drug delivery with little systemic toxicity. microtu ""'e-stab 1 || 2I ng 
P>031] Additionally, water soluble derivatives of taxol can also be used In the present Invention The water soluble 
derivatives of taxol. as described in U.S. Pat. No. 5,157,049 to Haugwitz. et a. (incited I herei Z e erencS 
include but are not limited to. 2^uccinyltaxol; 2'-succinyl-taxol triethanolamirie; ^luta^ltaxol; 2'Zary7-taxol Me* 
ZSZZFJfiT T 9'"tam,de; 2'-0 W w J N ZethylLI^Zl 

hydrochloride salt. These water soluble taxol derivatives can be administered in a dosage schedule analogous to that 

0032] A pharmaceutical composition comprising an effective amount of water soluble derivative of taxol as an active 
ngredlen s easHy prepared by standard procedures well known in me art. with pharmaceutical* ac^tabte noMoxic 
IIS "T?* ^ pre P araWons could be administered orally or In injectable form, or directly to an 

oS disease " Pi " 9 °' ^ atheroscleraais to P™ 6 * °' reduce the development 

E!t nS!^ 10 "'"? exa 7'f s " lustrate th8 effectiveness of taxol (or other Microtubule-stabillzing agents including, 

™ "2 IT ^ ? T, 80 '^ 19 d9fiVatiV9S ° f ,aX0 ° in lnhibitin9 the P«"»**ton and migration of vascular smooth 
muscle cells, and should not be used to limit the scope of the present inventibn. 

Example 1 

""IhT^T 8b " ity ° f CUlh "' ed VSMC8 ' pr ° trea,ed With different taxol|concentrations, to invade fitters coated 
with reconstituted basement membrane proteins was tested to evaluate how taxol-induced microtubule bundling would 
Impair cell processes necessary for in vivo neointlmal formation. 

[0035] Vascular Smooth Muscle Cells (VSMCs) were Isolated by collagenase/elastase enrymatlc digestion of the 
medial layers of the rat aorta obtained from 6 month old Wistar rats. The cells were maintained In culture with 1 0% 
m«« !l rUm ' 9h 9 ' UC0Se DMEM> and amlno acid 8U PPl<*>ient. Cell cultures were maintained at 3r C in 5% CO , 
[0036] After 1 8-hour taxol pre-treatment in cutture, cells were fixed in 3.7% formalin, permeabillzed with 1 % Triton 
X-100 and polymerized tubulin was labelled with mouse anti-p-tubulin antibody (SMI 62 monoclonal antibody to po- 
lymerized p-tubulin, Paragon Biotec, Inc.. Baltimore. MD). Secondary labelling was achieved with sllverenhanced 1 
nm gold-conjugated rabbit anti-mouse antibody (GoldmarK Biological, Philllpsburg, NJ). Representative light photom- 

SSSf ^ r ° m { ) ° 0ntr01 ' (B) °' 1 " M taX01 ' (C) 1 nM laxt)l ' and < D > 1 0 nM 18X5)1 traated VSMCs are shown in Figure 4 
<»!IL °, mVaSi0n (B ° yden chamber ) assa v s * era Performed using modified Boyden chamber (Albini, et al' 
II n^fr 47:3239 - 3245 )' comprising an upper chamber separated from a lower chamber by a porous PVPF 
fitter. PVPF fitters (8 pm pore diameter, Nucleopore Fitters, Pleasonton, CA) were coated and air dried consecutively 
with solutions containing 100 ug/ml type I collagen, 5 ug/ml flbronectln, and slug reconstituted basement membrane 
(produced from the Englebreth-Holm-Swarm tumor (Kleinman, et al. (1986) Biochemistry. 25:312-318), producing a 
continuous 1 0 pm thick coating of matrix material. Boyden chambers were assembled by adding 1 0 ng/ml PDGF BB 
in DMEM tothe lower (chemoattractant) chamber. Cells (approximately 200,000) suspended in DMEM containingO 1% 
BSA were then added to the upper chamber. Some of the cells used In this assays were pretreated 1 8 hours with taxol 
(concentration 30 pM to 1 00 nM) In cutture. In the taxol-treated groups, taxol was added to the upper and lower cham- 
bars at the same concentration as that used for pretreatment The chambers Were then incubated for 4 hours at 37»C 
in a 5 /o CO z atmosphere. At the end of the incubation period, the cells were fixed and stained with hematoxylin and 
eosin The cells on the upper surface (non-invaders) were mechanically removed and the cells on the underside of the 
fitter (invaders) were counted under 400 x magnification (four random fields were counted per fitter and all experiments 
were ran in trip cate and each triplicate assay was repeated at least three times on separate occasions using different 
VSMC preparations). Chemotaxis was assayed In analogous fashion in the Boyden chambers described above except 
that the reconstituted basement membrane was omitted. 

This chemolnvasion assay is accepted by those skilled in the art as exhibiting high correlation between Invash/eness 
5to.^ lS!5) ^ 0CCUrS ~ — (IWan,0, °' Y " St * (1 " 2) Advanca * Experimental Medicine & 

[0038] Using the PDGF-BB as an attractant, taxol Inhibited VSMC Invasion with half-maximal Inhibitory concentration 
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ui.^' Taxo ' caused essBI «la"y complete Inhibition at 100 nM, and significant Inhibition was still resolvable at 30 
pM (the lowest dose used)(Figure 1). A chemotaxls assay (filter coated oniy wilh fibronectin and collagen I without 
basement membrane proteins occluding the filter pores) with PDGF-BB as the attractant was perfomied in analogous 
fashion yielding the identical outcome. These results demonstrate that taxol, at least at nanomolar drug levels, Inhibits 
VSMC Invasion primary via Inhibition of locomotion and/or shape changes, ratherthan by Inhibiting cellular secretion 
of collagenases and metallopreteinases, which are known to be necessary forjVSMC to penetrate basement membrane 
proteins in cnis assay. 

223 Gelat, '" asa ^"fflWPlV was performed on the supematants removed after the 4 hour conclusion of the 
Boyden assays described above. Gelatin-degrading proteinases secreted into the media by VSMCs were anafyzed by 
ZZTZ* f ! - d ° d . eCy ' su,,atB -P 0| y a «y'amlde gei electrophoresis In Ho% po^acrylamlde gels containing 0.1% 
(w/v) gelatin Following electrophoresis, the gelatlnases were renatured by Incubating the gel for 30 mln at 23»C In 

il uru u ?Z ;!°° f0 !' 0Wed by 18 h ° Ur ,nCUba1i0n al 37 ' C in 0 2 M NaCI > 5 mM CaC, z 0 02 % Brij 35 (w/v), 50 mM 
Tns-HCI (pH 7*). The gels were stained for 90 minutes with 0.5% Coomassip Brilliant Blue G-250 and destained with 
10 /o acehc acid, 40% methanol. Gelatlnolytic activity was indicated by a ctejar band against the background of blue- 
stained gelatin. ! 

^L™? 9 gelatlnasB ^oaraphy assays from the Boyden chamber Invasion experiments confirm that the level 
of VSMC collagenase secretion did not vary significantly over the taxol range 30 pM to 100 nM, compared to control 
(Figure 4&, inset). 

Example 2 

[0041] To confirm the fact that microtubule stabilization and hyperpolymerktion is the critical and sufficient factor 
invo 'vedintaxol-^ 

oxide pH 2 0, heavy water). Deuterium oxide enhances microtubule/tubulin polymerization via a mechanism distinct 
from that of taxol. A combination of the isotope and solvent effects of deuterium oxide reversibly increases microtubule 
polymerization both by reducing the critical concentration for polymerization for op-tubulln heterodimers via enhanced 
tubulin hydrophobic Interactions (Itoh, T.J., et al. (1984) Biochim. Bloohvs . Acta., 800:21-27), and by converting a 
population of unpolymerizable tubulin to the polymerizable form (Takahashi, T.C., et al. (1984) Cell Struc t. Funct 9: 
45-52). ; ■ 

[0042] VSMCs were isolated by collagense/elastase enzymatic digestion of me medial layers of the rat aorta obtained 
from 6 month old Wlstar rats. The cells were maintained In culture with 10 % fetal calf serum, high glucose DM EM 
and amino acid supplement. Cell cultures ware maintained at 37°C In 5% co' 2 . " 
[0043] In deuterium oxide-treated cells, 2H 2 0 (v/v) was substituted for water (H 2 0) in the preparation of the DMEM 
from concentrated stock. After 1B-hour deuterium oxide pre-treatment In culture, cells were fixed In 3.7% formalin 
permeabilized with 1 % Triton X-100, and polymerized tubulin was labelled With mouse anti-6-tubulln antibody (SMI 
62 monoclonal antibody to polymerized 6-tubulln, Paragon Biotec, Inc., Baltimore, MD). Secondary labelling was 
achieved with silver-enhanced, 1 nm gold^onjugated rabbit anti-mouse antibody (Goldmark Blologlcals, Philllpsburg 
NJ). Representative light photomicrographs from (A) control, and (B) 75% deuterium oxide treated VSMCs are shown 
in Figure 5. i 

[0044] Chemolnvasion assays were performed using a modified Boyden chamber, consisting of an upper chamber 
separated from a lower chamber by a porous PVPFfllter. PVPFflltere (Bpjn pore diameter, Nucleopore Filters, Pleason- 
ton CA) were coated and air dried consecutively with solutions containing 1 00 ^g/ml type I collagen, 5 jig/ml fibronectin 
and 5 jig reconstituted basement membrane (produced from the Englebreth-Hblm-Swarm tumor), producing a contin- 
uous 1 0 urn thick coating of matrix material. Boyden chambers were assembled with PDGF-BB 10 ng/ml in DMEM in 
the lower (chemoattractant) chamber, then cells (approximately 200,000) suspended in DMEM containing 0 1% BSA 
were added to the upper chamber. Some of the cells used in these assays wd>re predated 1 8 hours with deuterium 
nw« , ' 5 ° % ' ° r 75% V/V substitu,lon for H 2°) ln In the deuterium bxide-treated groups, 2H s O substituted 

DMEM (v/v) was added to the upper and lower chambers at the same concentration as that used for pretreatment 
The chambers were then Incubated for 4 hours at 37°C in a humidified 5% CQ 2 atmosphere. At the conclusion of the 
experiment, the filters were removed and the cells were fixed and stained witrj hematoxylin and eosin. After the cells 
on the upper surface of the filter (non-invaders) were mechanically removed! the cells on the underside (invaders) 
were counted under 400 X magnification (four random fields were counted pejr filter and all experiments were run in 
tnplicate). • 

[0045] Pretreating cultured VSMCs for 18 hours with 25%, 50% or 75% deuterium oxide caused dose-dependent 
St' 8 hyparP°lymerization similar to that observed with taxol. This treatment likewise inhibited PDGFmediated 
VSMC Boyden chamber Invasion in a dose-dependent fashion, achieving half-maximal inhibition at 25%2H,0 and 
nearly complete Inhibition at 75% 2H 2 Q (Figure 3). 2 
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Example 3 

IS!!!7Li£ !?!S!^? JS!2 ,mWt .■ n, ? m * n-lon ' «»• v-faw growth raguMmy molmilM «libemtacl «ftor Mrt.1 
? F ^ a,S ° i,T,P,iCa,ed mi, °9 enesis °" d cellular proliferation. To measure the effect of 
SnteB p « ^ c u T f ^' PUJthymldlne Incorporation was measured. VSMCs were plated at 4.5 x1 0 4 on 24-well 
toZ'ZSSHtXl o f °" ,n 10 \ FC8 * OMa * 05 mCI P^thym.dineiwas added and the incubation conttued 
onlce h ^ IS n * erB 1 Wa f n hedtWiCeWith P^h^uffemds^line, extracted with 10%TCAfor2 hrs. 

? N^Sh AftT 96 rt ? ? ,00 °i fOr 1 ° minS ' Su P ernatants were *nd pellets were solubllized In 0.5 ml of 

scLZ^ » TSS 9 05 m ' ° f 1 N HC1, PHI*yn*lln8 uptake was determined by a Beckman liquid 

of the thymidine and during thymidine Incorporation. Each condition of these experiments was performed In triplicate 
E„ IT h bite l CU n^ ' f MC ^ h ^ idin8 incorporation, an index of cell division' al se depSn, 
Lnd Llminr SET*" - ,nnlbi, , or y ^n^tion of 5 nM. Taxol caused essential*, complete Inhibition at ?00 nM 
and s ignificantlnhlbrtion was resolvable at 1 nM (Figure 1). That this inhibitory profile differs somewhat from that o 
dTe^ri T>TTX d6mon8t, r ,n9 006 toa - co " c ^«°n-unit lower sdnsLty but with steeper conceal n 

Si?^if?S? PD <f -B?-s«mulated cjos mRNA expression in this cultured VSMC model, in a dose-dependent 
nhihX' , ^T'"!! 1 ' nhibrt0ry concentraUon of 1 nM - w «h essentiallyicomplete inhibition above 20 nM. Thus 
IS i JUT ! 9Sne ' ndUCti0n iS ano,ner ^P°rtant mechanism by which taxol blocks growth factor stim- 
ulate m VSMCs, and may underlie, at least In part, the thymidine Incorporation results 

K?f" T" al , 9nlflc , ant| y lnnlblts oul,urBd VSMC vitro Invasion and proliferation through Interference with 

2^^JS!r T?° ,0C ° m0ti0n thG ab " ity ,0 al,erShap6 ' 38 W£ f asgrowth-factorslulated early gene 
expression and cell prolrferation, at concentrations one hundred - to one thousand-fold lower than used to treat human 
cancer. 

i 

Example 4 

[0049] Incorporation of the thymidine analog, bromodeoxyuridine (BrDU) was measured to determine the effect of 
deuterium oxide on VSMC DMA synthesis. VSMCs . were plated at 4.5 x 104 on 24-well plates. Following 20 hMncu 
H", W :^ Mm at various 2H aO concentrations. 10 pM BrDU was 'added and'the hSSSSSSr 
8 no^ , °" a \ hr Ce !f Wera WaShed twlce wlth Phosphate-buffered saline (PBS) and fixed wtth 100% methanol (- 
20 C) for 1 0 minutes. The cells were Incubated for 2 hr with 1 N HC1 to denature the DNA, and subsequently washed 
4 times In PBS. Mouse monoclonal BrDU antibody (Boehrlnger Mannheim) in 12% BSA-PBS was Incubated with cells 
for 1 hr. After PBS wash, goat anti-mouse antibody conjugated with alkaline phosphatase was added. Cell nuclei 
conta^ngBrDUsubstitutedforthymldlnestalned red with alkaline phosphatase substrate, while all other nuclei stained 
blue. The fraction of BrDU-posltive nuclei was compared between control (defined as 1 00%) and that of the deuterium 
oxlde-pretreated groups. • 

[0050] The results indicated that deuterium oxide, similar to taxol, inhibitedjcultured VSMC proliferation and DNA 
synthesis in a dose-dependent fashion, consistent with the critical balance of microtubule-tubulin dynamics In VSMC 
w proi iteration. 

[0051 ] While taxol and deuterium oxide potentially have multiple Intracellular effects, the coincidence of their parallel 
effects on microtubules (despite different mechanisms of action) and on VSMC functionality at multiple levels Indicates 
that the common microtubule stabilizing mechanism of action is responsible forthe observed functional changes Thus 

45 HSl ° n < , ?1 ° f f xperinien,s witn both ta *°' and Cerium °*ide, It Is evident that microtubules are involved 
n the control of the most cntlcal and sensitive intracellular mechanisms necessary for VSMCs to undergo the multiDle 
transformations involved in the development of atherosclerosis and restenosis after arterial Injury, making microtubules 
particularly strategb targets to Influence the outcome. ; 
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Example 5 



[0052] Under a protocol approved by the National Institute on Aging Animal Care and use Committee 6 month Wistar 
? h J 0 " 1 T?*? C ° ,0ny W6re anesthe,l26d ^n 20 m 9/kg body weight pentobarbital, 2 mg/kg body weight ketamine 
and 4 mg/kg body weight xylazlne intraperitoneal^. The left external carotid artery was cannulated with 2 French Foa- 
arty embolectomy catheter, inflated with saline and passed three times up and down the common carotid artery to 
produce a distending, deendothelializlng Injury. The animals were treated with 2 mg/kg body weight taxol solution or 
the control animals with vehicle alone (13.4 ml/kg body weight per day of 1 :2:2:t65 DMSOrCromophor ELDehvdrated 
ethanol:phosphate buffered saline) by Intraperitoneal Injection beginning 2 hours after Injury. The taxoi solution or 
vehicle alone was administered once dally, as an Intraperitoneal Injection, forthenext 4 days. After 11 days the animals 
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S'oSEU*?? and .. 1 ° V ! 1 hlcte ; treated) were an^Uzed as above and the carotid artery was isolated and fixed In 
d sSS t Redded In paraffin. Cross sections o, the carotids were mounted on microscope sNdes 
and stained with hematoxylin and eosin stain. The image of the carotid artery was projected onto a digitizing board 

in! cated in the prior art Ferns, G.A.A. et al. (1991) Science, 253:1129-1132) the mt carotid artery Injury model of 
restenosrs can be useful in the study of human restenosis, and indicate potential therapeutic action In humans 
[0053] Quant.tat.ve analysis of injured carotid segments showed that taxql treatment reduced the neointimai area 
by 70% compared to vehicle treated animals (Table I, (-p < 0.001 ; t P=NS; * P < 0 .001 ). Several of the texoTfre^ed 

SS? t Z dfeCemable ne ° ,ntima (in the Presence ° f denuded endothelium, proving inju™)! wXa! 

vehicle treated animals demonstrated at least modest neointimai thickening i Juiy;. wnne an 

10084] While the In yjyo systemic taxol dose used In these experiments (2 mg/kg) Is significantly lower than that 
ordinarily used to treat human cancers (approximately 3-6 mg/kg). dramatical* .oUsystemfc^ 

F unZnT^ ?"* ? T 9 P0SSlb ' 9 C ° mbin,ng 8 Pretrea,m9nt regim8n with tha trelent dure ion 

lnT*Z2~ 5l 8 °^ ° f heraPy ,S t0 k6eP 016 ■ aCt, ' Vated " VSMCs in Check ' or P referab| y to P«vent activation 

la !22fi P El U r " I l W 9rOWth mi3rati0n hBS r6S0,Ved < rather *" caus, "9 toxicity resulting In 

cell death) the goal of short-term therapy with limited toxicity may ba possible In humans. Ultimately, local sustained- 

Snt™«„n 9 T Sy ?r ^ ' he bBSt 60lUti ° n 10 Prevent restenosis Ptet-angioplaaty, enabling high local con- 
Z vT^ZTT TTT 9 ' im,natin9 Pr ° b,emS °' ^mldtoxicity. Drug deiivery Systems that can 
be valuable rnclude drug-impregnated polymer-coated metallic stents , biodegradable drug-eluting polymer stents and 

TlEX^?? C08t meta " ,C Sten,S " te delK/8red *** 33 a l0Cal -dotheSceSrg 
(MullerD.WM.etal. (1991) JACC 17:126b-131b). These systems allow safe (,se of a chemotherapeutlc agent without 
systemic side effects. Alternatively, treatment may involve a period of pretretfment (I.e.. before vascular surgery) via 

aS^S^Z^JS^ 8 P9ri ° d 01 time ' f0 " 0Wed 67 3 diff8rent * haraPy dUri " 9 (l0Ca '' dirGCt d9l ' Ve ^ or 

m , m 1 ^ 6 ?° Ve examples teach taxol ' s < or other microtubule-stabilizing agent including, but not limited to water 
soluble derivatives of taxol) potential beneficial uses to prevent artery blockage and thereby reduce the possibility of 
or prevent, heart attacks, strokes, kidney failure and renal dialysis, blindness! limb amputations, nerve loss need for 
corrective vascular surgery/angioplasty or organ transplantation, and premature and permanent disability requiring 
chrome hospftalrzation. The invention has been described in detail, but It will be understood that the invention is capable 
of other different embodiments. As is readily apparent to those skilled in the art, variations and modifications can be 
affected wrthln the spirit and scope of the Invention. Accordingly, the foregoing' disclosure and description are for illus- 
tretlve purposes only, and do not In any way limit the Invention, which Is defined only by the claims. 

TABLE 1 



Group 


Intima (mm 2 ) 


Media (mm 2 ) 


l/M 


Vehicle 
Taxol 


0.09±0.01 

o.o3±o.or 


o.u±aoi 

0,16±0.02* 


0.66±,08 
<U8±.04* 



Claims 



1. A drug delivery system comprising a means for locally delivering a microtubule stabilizing agent other than by 
intravenous mjection or infusion in a therapeutically effective amount to heduce or prevent the development of 
restenosis. r 

2. A drug delivery system according to claim 1 , wherein the means for locally delivering a microtubule stabilizing 
agent comprise polymer-coated metallic stents and polymer stents. : 

3 " ste d T d6,iVery SVStem aCC ° rding t0 Claim 2 ' whereln the sten,s com P rt ® biodegradable drug-eluting polymer 

4 ' JT! f ? 9 „ de !! Very T 6 "!, 0 ' C ' aim 1 Where ' n Sfl,d mfcro,ubule stabilizing agent is comprised of paclltaxel, a pacl- 
itaxel derivative or deuterium oxide. y 

5 ' ^ri!,ST' °, f 3 "f^*' d ! rlVa,IVe *° manu,acture ° f a Pharmaceutical composition for the prevention 
or reduction of restenosis In a patient. 
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? € S" n ?' W o. ere ' n , Sal , d water - so,uble P acl,taxel is selected from the group consisting of a 2'- 

222* f ?« 2 - SUOcln y , -P ac,itexe ' Wethanolamlne; 2'glutaryl*aclitaxel; 2'-glutaryl-paclitaxeT Weft- 
^C£2lT ,h N - (dime,hylamin ° ethyl ^ - with 9 N-SLhy.an.lnoei 

p?iaTa e tio°L any ° f ClalmS 5 ^ 6 Wherei " Sald treatme " 1 C ° mpriSeS the ^ ySternlc delive,y of 8aid Pharmaceutical 
preparation*"* ^ * ^ * * ? **" C ° mpr,SeS l0CaI * ei * er * of said Pharmaceutical 
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